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Abstract: 



An engine fuel metering and steam reformer system (10) has several vapour vessels (22, 23) in parallel. 
As one vessel (22, 23) receives liquid fuel from a tank (14) via a pump (15) and vaporizes the fuel using 
a heating means (29), the other vessel (22, 23) supplies vaporized fuel via a main vapour line (44) to the 
engine steam reformer system (54) to mix with water vapour, delivered from a water vapour radiator 
system (53). After conversion of the fuel vapour and water vapour to hydrogen, this fuel is then 
delivered to the engine (21) by vacuum drawn through the system (10). The system (10) is controlled by 
an electronic logic control system (12), which has a microprocessor (46) connected to sensors (36, 37, 
49, 51, 52) and which controls the operation of temperature compensated control valves (18, 24, 25, 40, 
41) via temperature compensated liquid level monitors to control the flow of fuel in the system (10). 
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Foreign Abstract: Systeme (10) de controle d'alimentation en carburant et de reformage a la vapeur 
pour moteur qui comporte plusieurs reservoirs (22, 23) de vapeur en parlallele. Tandis qu'un reservoir 
(22, 23) re9oit du carburant liquide provenant d'un reservoir (14) par Tintermediaire d'une pompe (15) et 
vaporise ledit carburant a I'aide d'un dispositif de chauffe (29), I'autre resevoir (22, 23) foumit du 
carburant vaporise par rintermediaire d'une conduite de vapeur principale (4) au systeme (54) de 
reformage a la vapeur pour moteur de maniere a melanger ledit carburant avec de la vapeur d'eau foumie 
par un systeme (53) a radiateur de vapeur d'eau. Apres conversion de la vapeur de carburant et de la 
vapeur d'eau en hydrogdne, ce carburant est ensuite achemine vers le moteur (21) par aspiration a travers 
le systeme (10). Ledit systeme (10) est commande par un systeme (12) de commande logique 
electronique qui comporte un microprocesseur (46) connecte a des capteurs (36, 37, 49, 51, 52) et qui 
commande le fonctionnement de soupapes (18, 24, 25, 40, 41) de commande a compensation de 
temperature par rintermediaire de dispositifs de surveillance du niveau liquide a compensation de 
temperature pour reguler le flux de carburant dans le systeme (10). 
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Serial No. 969824 , Filed 19971 1 13 , Issued 19990817 

Abstract: 



A compact, mobile fuel converter for producing molecular hydrogen from hydrocarbon fuels, such as 
automotive gasoline, or other fuels such as methanol and ethanol has a steam reformer for producing 
molecular hydrogen from a pressurized and desulfurized fuel and water vapor preheated by flue gases 
from the fuel processor. The fuel processor is fed with the desulfurized fuel and water mix and a burner 
is provided to combust off-gas from the fuel processor reaction. Uncombusted off-gas is depressurized 
and mixed with auxiliary fuel used in the burner. Hydrogen produced in the fuel processor by the steam 
reforming process is separated from other reformate products using membrane filtration. 
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(57) Abstract 

An engine fuel metering and steam reformer system (10) has several vapour vessels (22, 23) in parallel. As one vessel (22, 23) 
receives liquid fiiel from a . tank (14) via a pump (15) and vaporizes the fuel using a heating means (29), the other vessel (22, 23) supplies 
vaporized fuel via a main vapour line (44) to the engine steam reformer system (54) to mix with water vapour, delivered from a water 
vapour radiator system (53). After conversion of the fuel vapour and water vapour to hydrogen, this fuel is then delivered to the engine 
(21) by vacuum drawn through the system (10). The system (10) is controlled by an electronic logic control system (12). which has a 
microprocessor (46) connected to sensors (36, 37, 49, 51, 52) and which conUtjls the operation of temperanire compensated control valves 
(18. 24, 25. 40. 41) via temperature compensated liquid level monitors to control the flow of fuel in the system (10). 
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Xiilfi-- "EHGIITE FUEL KETERISG 

ATO STEAM REFORKEH SYSTHll" 

5 THIS ISVBHTIOH relates to a aethod at 

miltorlng fuel ana metering water vapour and 
fuel vapour into a steam reformer system* on an 
engine. 

The invention may "be applied to internal 
10 combustion engines Whicli operate on liquid 
hydrocarbon fuels Ce.g. petrol, gasoline, 
benzine diesel, kerosene and the like) or other 
liquid fuels but is particularly suitable for 
petrol engines. 
15 C2> yt-tor AzrL 

An engine designer faces three, sometimes 
conflicting, goals. The engine should have good 
power and/ or torque characteristics, low 
exhaust emissions and good fuel econoniy. 
20 It is known that "lean bum" engines which 

operate at high air/fuel ratios <e.g. of the 
order of 18: 1> have low emission levels and 
good fuel econoBiy but they often have poor and 
unacceptable performeuice characterisitcs, 
25 Conventionally, *rt»en a petrol engine is 

fitted with a fuel Injection system, fuel is 
supplied to the injectors via a fuel rail with 
one outlet per injector to supply fuel through 
the injectors into the combustion chamber of an 
30 internal combustion engine. In recent years, 
injectors have became controlled with the use 
of a micro-processor and a common fuel rail, 
fitted to eaclL injector to aid fuel to be 
supplied to the engine in its correct 
35 proportion according to demand from the engine. 
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Unused ±uel from tiie fuel rail Is re1:uraed to 
'tbe fuel "taiLk, via a vacuus con-tral valve 



To exial>le leaner air/ fuel stiztures to lie 
used, it now iLas been proposed to introduce the 
fuel into the engine In vapour f orn as the 
finer droplets in the fuel mist (fuelet> are 
nore easily i^ited than the fuel droplets. 
Kith a wide size distributor, supplied by a 
carburettor or fuel injection systems. It is 
also proposed to introduce fuel in vapour fonn 
to an engine steam reformer system fitted to 
the engine exhaust manifold. Some ezaxqples 
Which supply the fuel in vapour form include 
the patent specifications AD 11982/67 <506950> 
(Little. etal>; ATJ 28171/77 <Barber> ; V0&2/03660 
<JEB Energy Kesearch Inc.>; V085/ 03330 <onics . 
Inc. > and ¥087/01766 (Hoel Claude Smith). 

To date no such vapour supply system has 
proved commercially acceptable. 

cniiTMAPY QE XSB. ERBSRWT ISSSSXIW 

It is an object of the present invention to. 
provide an engine fuel supply system where the 
liquid fuel is supplied to the engine and to 
the engine steam refoz'mer system as a vapour 
and to reform the steam to a conibustable fuel. 

It is a preferred object of the present 
invention to provide such a system where the 
air/ fuel mixture may be lean. 

It is a fux^her preferred object of the 
present invention to provide such a system 
where the vapourisation of the fuel and the 
supply of the vapour into the engine steam 
reformer system is effected in 3 stages. 

It is a further preferred object of the 



depending on demand of the engine. 



Best Available 




WO'35/12066' _ _ _ . _ ... . Page5of3p 



WO 95/12066 PCT/AU93/00629 



— 3 — 

present- invention to provide a system wnere, at 
full tJirottle, heated fuel is supplied direct to 
the engine for maximum power. 

Kore preferred objects of this invention Kill 

5 becoane apparent from the followinj^ description: 
In one aspect the present invention resides 
in an engine fuel supply system including: 
sever>al vapour vessels; pump means to supply 
liquid fuel from a supply to the vapour 

10 vessels; means to heat the vapour vessels to 

cause at least a portion of the liquid fuel in 
the vapour vessels to be va pour i zed; and means 
to supply the vapouri2ed fuel into the engine 
steam reformer system and deliver the reformed 

15 combustable fuel to tlie intake of an engine; 
Wherein: 

The vapour vessels are arranged in parallel; 
and teisperature conrpensated control valve neans 
are provided to selectively connect the vapour 

20 vessels to the pump means and the vapour supply 
mpnnj=» so that tfhile one vapour vessel is 
connected to the vapour supply means to supply 
the vapourized fuel to the engine steam retormer 
system, the other vapour vessels are 

25 disconnected from the vapour supply means while 
the liquid fuel In the other vapour vessels are 
being vapourised. 

In practise this invention uses fuel by 
vapour ising it and to mix this fuel with steam 

30 for conversion to a combustable fuel, inorder to 
drop fuel usage of a vebicle, with the use of 
temperature compensated control valves/ monitors 
and modified fuel inJeci:ors controlled by a 
micro-processor, for fuel injected 

35 engines. 
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The present invention (drawing Fig. 1) has 
been devised to incorporate temperature 
coBQsensated control valves attached to the fuel 
inlet of the fuel Injection system and 

5 controlled by a jnici'O- processor to give four 
stages, stage 1 - super econonQr, stage 2 - 
econosoy, stage 3 - power, and stage 4 - super 
power and to meter water vapour into an engine 
steam reforner process system, to convert it 

10 into steam as it flows through the engine steam 
reforner system and monitor fuel into a pair of 
vapour vessels so as the vapour from the vapour 
vessels can be metered to mix with the steam in 
the engine steam reformer, to create crude 

15 hydrogen from this fuel vapour and steam and 
supply it to the engine as it*s fuel. 

In an experimental unmodified *Vissan powered 
fiB30£* Hoi den Commodore, the fuel consumption 
was 11,3 L/lOO <25in. p.g). With the same vehicle 

20 modified using this system, it acheived a fuel 
consumption of upto 3.8 L/lOO <74m. p.g>. 

Other objects and advantages will becoDB 
apparant from the fallowing descrlptiozi: 
In order that the invention aay become 

25 readily understood and put into practical 
effect, referance will now be made to a 
preferred embodinent of the invention wherein:— 
The fuel vapour vessels are sealed units with 
an inlet and an outlet (drawing Fig. 2>. Fuel 

30 is pumped to each vapour vessel which is 

mnitored to the correct level by a temperature 
coa^nsated electronic liquid measuring device, 
which sends a jneasage back to the micro- 
processor, to stop fuel from entering the 

35 vapour vessels, via a tea^rature coinpensated 
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control valve. The fuel in tbe vapour vessels 
are lieated "by exhaust gases flowing tJirougli 
Xieat coils ismsrsed in tlie fuel Inside eacb 
vapour vessel. In addition heat is transfered 
froxB the exhaust manifold* or other heating 
means. Vsing a diaphragm vapour pump» fuel 
vapour is pusqped from one vapour vessel to mix 
with the steam in the engine steam reformsr 
system. When this vapour is used» fuel vapour 
is then puagsed from an other vapour vessel to 
mix with the steam in the engine steam reformer 
system. A timer switch changes from one vapour 
vessel to the others, in sequence, those being 
charged while the other is being used.. During 
cold staz^ of the engine, unused stale fuel is 
purged from the vapour vessels baclc to the fuel 
tank and fresh fuel is puaiped to the vessels 
ready to vapourise. 

The total steam reformer system consists of a 
water container <20 liters or more>, a «#ater 
preheating transfer radiator system, plates of 
carbon steel fabricated to fit between the 
exhaust manifold and cylinder head of the 
engine having a series of pipes horizontal y 
through It and with direct eaehaust gases that 
flow through the series of pipes to the inlet 
manifold, which accepts water vapour from the 
radiator through a ventury tube into the engine 
steam reformer system, inorder to convert the 
water vapour into a steam condition where the 
tendancy of the hydrogen and oxygen becomes 
separated. Vhile the steam is being caz^ied 
along the series of pipes, with the flow of 
eaehaust gases, fuel vapour is Introduced, 
wherein the hydrogen and ceo-bon liecoines 
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separated. Vitn botli oxygen and carboii now 
separated from the liydrogea (in the engine 
steam reforsier) then the oxygen readily Joins 
with the carl>on, which results in both of these 

5 gases becoming carbon diozide <C - O''^). The 

hydrogen out of both the fuel and the steam is 
now left floating free to run the engine. 

In practise, the engine sx:eafii i eiai s^ii- systcc: 
creates a fuel of crude steant, containing 

10 hydrogen, carbon dioxia.^, soiue una eacted water 
vapoui- soioe uureacteci tua'i and som^- unstable 
carbon monoxide. ThiL^ fuel of crude steam, runs 
the engine during idle/super economy and 
economy <stage 1 & 2>. During economy, fox* 

15 power, .extra fuel is introduced into the engine 
steam reformer' via a teaqperature compensated 
control valve. 

Vhen further power is required Cstage 3) fuel 
vapour, from the vapour vessels, is stopped. A 

20 small measure of fuel is now supplied to the 
injectors via a heated fuel rail and 
temperature compensated control valves, which 
supplies fuel to mix with the steam in the 
inlet manifold of the engine. During super 

25 power <stage 4) the teinperature coaqpensated 
control valves, opened electro— magnetically, 
allows delivery of extra fuel to the 
injectors, which mixes with the steam at the 
engine intake manifold for use. Operations of 

30 these four stages, are controlled by the micro- 
processor which relates directly via sensors to 
the accelerator pedal of the motor vehicle 
<drawing Fig. 1). 

The fuel rail <drawing Fig. 6) is 

35 manufactured to have outlet nipples, one per 
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injector, to supply fuel tlirougli tlie injectors 
to the engine, into the base of the inlet 
isanifold, to mix Kith the steam from the engine 
steam refornQr system. A tul>e for heating runs 

5 through Its centre. This carries hot exhaust 

gases^ drawn through by engine vacuum^ from the 
exhaust manifold and branches off to flow into 
^ the air intalce of the Inlet manifold, which 

heats both the fuel rail and the air within the 

10 Inlet manifold. The clrcumf erance of the Inner 
heat tube Is smaller in size than the clrcum- 
f erance of the fuel rail tube, enough to allow 
fuel to flow in between the inner and outer 
tubes, to restrict the volume of fuel» within 

15 the fuel rall» to readily hea-t as this fbelet 
enters the fuel rail. This fuele-t-ls delivered 
into the fuel rail through tes^rature 
ccragpensated control valves, controlled open or 
closed by the micro—pracessor. 

20 Typical application of each or some of the 
teaperature cosipensated control valves. Is as 
follows; 

A temperature compensated control valve has a 
movable plunger within the valve body, which 

25 may be controlled electro- magnetically to open 
or shut, controlling the fuel flow to the 
lnJectoz*s and also the flow of fuel vapour and 
water vapour to the engine steam reformer 
system. The base of the plunger has a seal, 

30 when closed rests on a seat, to be held In the 
closed position by a spring, one end of which 
is located in a recess in the top of the 
plunger with the opposite end of the spring 
protruding from its recess, which presses on 

35 the spring landing. The ainount of movesisnt of 
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tlie plunger is controlled toy the ajuster an top 
of tiie valve body, ifor adjus-tin^^ and fine 
tuning the spring. Tha electro-sagnetio neans 
is activated by applying a voltage thereto Cta 

5 pull on the plunger Kithin the control valve> 
to open the plunger off its seat. The spring* 
pushing down, on top of the plunger, urges the 
plunger totcards the closed position. The base 
of the plunger is fitted with a soft seal of 

10 fuel resistant material » to enable the plunger, 
to seal against the seat at the inlet of the 
control valve. A snail bore angely from top to 
bottom of the plunger allows pressure from the 
outlet side to enter through the plunger into 
;15 the void and close it against the sea-t..^This 
stops fuel, fuel vapour and water vapour from 
entering their respective designations. 

In practise, as ten^rature increases, heat 
is transfered to the spring and the plunger, 

20 which expands them so as to push onto the seat, 
within the control valve, tending to close the 
plunger, which causes less fuel, fuel vapour or 
water vapour to enter the control valve. A 
tesrperature cosipensating bias spring situated 

25 in the control valve between the seal end of 

the plunger and the seat, prevents the plunger 
from fully closing, by applying counter tension 
on the plunger, which avoids total stoppage of 
fuel supply. Simultaneously heat tends to cause 

30 the fuel to convert into vapour increasing the 
pressure on the top of the plunger, which 
closes it, until the vapour is consumed, 
thereby releasing the internal pressure on the 
piston which allows the plunger to re-open to 

35 let a small amount of fuel to re-enter the 



V/OS6/1206e 



Page ■ 1 of 30 



WO 95/12066 PCT/AU93/00629 

— 9 — 

control val ve . 

Zn sumBax-y, fuel puuqp pressure tends to siove 
the plunger off its seat and allows fuel to 
enter via the control valve. Siaultaneously 
5 heat causes this fuel to vapourise, and enters 
into the void where the spring is situated 
(Which pressurises the void) and increases the 
internal down force on the plunger in syxqxathy 
with the spring and reduces or stops fuel from 
10 entering until the vapour is consuned and or 

pressure drops. To compensate for heat build up 
within the control valve from the heating 
sedans, a tea^perature conopensating bias spring 
situated between the seal end of the plunger 
15 and the ^at» pre vents, the pl.unger frrom ful.ly 
closing «by applying counter tension opposite 
the escpanded spring (avoiding fuel delivery to 
stop after the vapour is consumed) when 
pressure on the plunger is released. The 
20 functuality of the fuel and water vapour 

teiBperature compensated control valve perfonos 
in exactly the sane way. 

Vhen the engine is cold nore fuel is required 
to run the engine. I>uring this tins, the 
25 plunger opens wide off its seat, which allows 
extra fuel to pass through. As heat builds up 
on the control valve, the plunger progressivly 
closes down via length wise expansion of the 
plunger and the spring, so as to cut bac)c the 
30 fuel required during wans up of the engine. 
Consequently this lesser fuel is allowed to 
vapourise and pressurise in the void of the 
control valve in sympathy to the spring to 
restrict or stop fuel entry. In addition, a 
35 bias spring temperature coapensates the contz-ol 
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valve, to stop tlie plunger of tbe control valve 

from shutting completely (wiicli avoids total 

engine stoppage during heat build up). The 

tesiperatur^ cos^sensated control valves may have 
5 an electro-magnet, connected to the micro- 
processor » from sensors on the accelerator 

pedal » to over^ride the pressure on the piston 

to deliver fuel to the outlet of the control 

valve. Into the fuel rail and to the injectors, 
10 which is used for stages 3 and 4, to give fast 

acceleration vhen required. Fuel from the fuel 

tank is fed to the temperature compensated 

control valves l>y a bypass fuel line through a 

vacuum controlled diaphragm valve which 
15 circulates fuel from the fuel tank -and back, -/ - 

depending on engine demand or engine * usage of 

the fuel. This operation also helps keep the 

fuel in the aialn delivery line cool, which 

guards against vapour locks in this main fuel 
20 line. 

Vhere an engine has a carburettor fuel bowl, 

a timer Is used to either esipty the fuel bowl 

before switching over to super economy mode 

(stage 1> or refill before or during staz^tup 
25 and during heat up modes. This is used in 

addition to all the above as before described 

in this document of this now asntioned fuel 

delivery system, including the vapour vessels, 

the tengperature compensated control valves, the 
30 water vapour system and the engine steam 

reformer system. The heating system is the same 

as the above description when an engine has a 

caburettor with a caburettor fuel bowl. The 

only two changes the above described device, 
35 is <1) it does not have a fuel rail which 
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supplies the Injectors. Tbis is oisiBiied xroiu 
the caburettor system, since the caouretto;- 
systes does not have injectors. Aac <^>, as 
before mentioned. Id addition the timer i& 
5 used, when this fuel supply system is fitted 
to an Gng±n<i Which has a carbuiettor. 

EEI£E CESCELEXim OK XHE DRA VlgGS 

To enable the invention to be fully 
understood, a number of preferred embodiments 
10 will now be described with reference to the 
accompanying drawings in which: 

Fig 1 is a schematic layout of the systemr 

Fig 2 is a schematic sectional side view of a 
pressure vessel: 
15 Fig 3 is a plan and sectional veiw of a 

temperature compensated control valve: ^ ■ 

Fig 4 is a plan of the engine steam reforn^r 
plates and; 

Fig 5 is a plan of the water vapour system. 
20 Fig 6 is a plan of tbe heated fuel rail to 
the injectors. 

PgTAlLEP SESC&XmOS: OF. ^ss^njmt ^js^i^ismi^ 

Seferring to Fig 1, Fig 2, Fig 3, Fig 4, Fig 
5, and Fig 6 the fuel supply system 10 

25 incorporates six interconnected systems: The 

fuel system 11; the watervapour system 53; tlie 
engine steam reformer system 54; the micro- 
processor 12; the temperature ca]i9>ensated 
control valves <Fig 3, 60>; and the accelerator 

30 system 13: The fuel system 11 has a fuel tanlc 
14 fitted with an electric fuel pump 15, wbich 
pumps fuel under pressure into the petx*ol line 
16. A branch line 17 is fitted with an elctro- 
magnetic teaqaerature coii9>ensated control valve 

35 1& and a temperature compensated control valve 

Best Available Copy 
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19 and is connected to tlie fuel rail input <30) 
of an electronic fuel injection system 20 
fitted to a petrol engine 21. 

Hie fuel line 16 is fitted to a temperature 

5 cos^sensated control valve 1& and is split' into 
lines 20, 21 whicli supply tiie respective 
pressure vessels 22, 23 via electro-jaagnetlc 
temperature cosTiensated control valves 24, 25 
and tesBperature coaipensated control valves 26, 

10 27, 

The water vapour system 53 consists of a 
water tank 57 a water punqp 55 to supply water 
to tlie »#ater heating radiator 58 and the engine 
steam reformer system 54. 

15 Hef erring to Fig 2, each pressure vessel 22, 
. * 23 has a closed body with the petrol inlet 
lines 20, 21 sealed by suitable blocks. 

Temperature compensated liquid sensors 36. 37 
monitor fuel into the pressure vessels 22, 23. 

20 This fuel is vapourised toy the heating coils 29 
sourounding or within the vapour vessels. Fuel 
vapour lines 38, 39 from the pressure vessels 
are provided with a vapour puap 40, 41 and 
coa^iensated control valves 42, 43 and are 

25 connected to a vapour line 44. A meteriiig valve 
45 is connected to the fuel vapour input line 
44 so as fuel vapour can miac with the steam in 
the engine steam reformer system 54 which is 
delivered to the engine 21. The temperature 

30 coB^sensated control valves 18, 24, 25, 40 and 
41 and the liquid sensors 36, 37 are connected 
to the micro-processor 46 which is programmable 
to suit the particular intended application, 
and a timing circuit and switch 47, 48. 
35 The micrca-prxjcessor 46 is connected to a 
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sensor 40 which man! tors the position of the 
accelerator position of the accelerator pedal 
50» this sensor 49 also connected to the engine 
21 either by a conventional accelerator llnhage 
5 or an electronic circiut to facilitate the 4 
stages of this fuel sytem as before described. 

Typical application of each of the 
tesiperature coiiq>ensated control valves <f Ig 3 
60 > is that the teniperature cox^nsated control 
10 valve has a plunger 66 within the central valve 
body which say have an elect ro-nagne tic neans 
68 to open or shut the plunger 66. The base of 
the plunger 66 has a seal 64 and when closed 
rests on a seat 65 and is held in the closed 
15 position by a spring, 67, one end of which is 
located in a recess Cnot shown) in the top of 
the plunger 66 with the opposite end of the 
spring 67 protruding fron its recess, which 
presses against its spring landing. The amount 
20 of voveaent of the plunger 66 is controlled by 
an ajusting 69 on the top of the valve 

body, for adjusting and fine tuning of the 
spring 67. Vithin the plunger 66 » is a snail 
bore angely 62 through the plunger 66 which 
25. allows pressure frojn the outlet side, to enter 
through the plunger 66 to close it against the 
seat 65 in syaipathy with the spring 67 and 
reduces or stops fuel from entering, until the 
vapour is consumed and or the pressure drops. 
30 To cooqpensate for heat build up» a 

tes^rature coxqsensating bias spring 61 is 
situated between the seal 64 end of the plunger 
66 and the seat 65, which prevents the plunger 
66 from fully closing onto the seat 65, by 
35 applying counter tension opposite the heat 
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expanded spring » Whicli avoids total stoppage of 
fuel supply to tlie engine 21. 

The total steam refonBer system 54 Fig. 4 and 
t2ie water vapour system 53 Fig. 5 consists of a 

5 water container 57 C20 liters or fflare>» a water 
vapourising radiator 5&» engine steam reformer 
plates 54 of carbon steel fabricated to fit 
between tbe exhaust manifold and the cylinder 
head of the engine 21 with a series of pipes 59 

10 runing horizontaly through the engine steam 

reformer 54, which accepts hot eschaust gases to 
carry water vapour from the heating radiator 58 
through a ventury tube 60 into the engine steam 
reformer system 53 to convert the water- vapour 

15 into a .steam condition, where the tendency of 
the hydrogen and oxygen becomes separated and 
to introduce fuel vapour » wherein the hydrogen 
separates from the carbon. The carbon Joins 
with the oxygen resulting in carbon dioxide, 

20 leaving the hydrogen free to run the engine 21. 
l>uring stage 2 joode when extra power is 
required to the engine 21 a small amount of 
extra fuel is introduced into the engine steam 
reformer system 54 via tesgserature coaqpensated 

25 control valves C60 Fig. 3. >. These operations 
are controlled by the micro-processor 46 <Fig. 
1) wbich relates directly via sensors 51 to the 
accelerator pedal 50 of the automobile. 

The fuel rail 70 Fig. 6 is manufactured to 

30 have nipples 71 attached to it, one nipple per 
injector of the engine 21 to mix with steam 
from the engine steam reformer 54 and has a 
tube 72 running through the centre of it, to 
carry a flow of ea^haust gases drawn through by 

35 vacuum from the engine 21, which at the same 
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tine lieats the air- Intake of tlie engine 21. Tbe 
circunfe ranee of tlie inner heat tube 72 is 
smaller in size than the circuxnf erance of the 
fuel rail tulse 70, Kith enough clearance to 
5 alloK fuel In between the inner tube 72 and 
' outer tube 70, but yet restrict the voluse of 
fuel in the fuel rail to readily heat as a 
fuelet enters the fuel rail 70. The fuel Is 
delivered Into the fuel rail 70 through the 
10 teaiperature coiqpensated control valves 60, 
controlled to open or close by the micro- 
processor 46 to supply fuel to the engine 21, 
The injectors <nat shown) of the engine 21 
are sKsdlf led with a shield to protect them from 
15 distortion during latent heat, caused by the ,^ , ' 

"] heat of the crude steam, from the engine isteam 
reforser 54, entering the Inlet sanlfold vdiere 
the injectors protrude. 

It has been found that substantial decrease 
20 of fuel usage of an Internal conibustion engine 
Is evident when fuel and water is heated to 
steam condition and controlled with the use of 
tesqperature con^iensatlng control valves that 
metre fuel and water vapour at its correct 
25 proportions, together with the use of a micro- 
processor. Fuel can be read as to mean any form 
of hydrocarbon fuel. Vater can mean any Iclnd of 
water that is either filtered or converted on 
board the ntor vehicle so as to become f resb 
30 water. 

The embodiments described are by way of 
illustrative exarqales only, and various changes 
and modifications may be made thereto without 
departing from the scope of the Invention 
35 defined in the appended claims: 
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CLAJJIS: 



<1) An EHGIFE FUEL XHTEHIHG XSD STEAK SEFOfiXHS 
STSTBM including: 
<2) several vapour vessels; 
5 C3> puxBp means to supply liquid fuel from a 
supply to the vapour vessels; 
C4> means to heat the vapour vessels to cause 
the liquid fuel in the vapour vessels to be 
vapour i zed; 

10 <5> and means to supply the vapourized fuel to 
the eng^ine steam ref armer system; wherein: 
C6> The vapour vessels are arranged in parallel; 
C7> and tesperature cosipensated liquid monitor 
TBOfinet are provided to selectively connect a 

15 tea^rature . coaqpensated control valve, which has a 
bias spring Cto hold it open.. When heated> to stop 
complete closer, to control fuel to the vapour 
vessels by the pump means and the vapour supply 
means; 

20 (&> so that while one vapour vessel is connected 
to the vapour supply means to supply the 
vapourized fuel to the exkgine steam reformer 
system, the other vapour vessels are disconnected 
from the vapour supply wpanf; while the liquid fuel 

25 in the other vapour vessel is being vapourized; 

C9> and a to supply the vapour ised fuel to 

the engine steam reformer system using temperature 
conqpensated control valves according any one claim 
7 & & and vacuum pus^ means according to claim 5; 

30 CIO) and a neans to heat water to water vapour 

and to convert the water vapour into a crude steam 
consiting of, in its majority, hydrogen, which is 
left floating free, from both the fuel and the 
water vapour, to power the engine: , 

35 Cll> A supply system according to Claim 1 
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(12) the iatalce of tlie engine is a carburettor a 
carburettor fuel haul timer or fuel injection unit 
and tbe vapour supply means includes a vapour line 
5 having a temperature con^sensated control valve 
according to any one claim 7 B & 9. 
<13) A supply system according to Claim 2 
Wherein: 

<14) a petrol line is provided in parallel with 
10 the vapour supply means and interconnects a 

vacuum puB^ means to the engine steam reformer 
system via selectively operable tesq^erature 
compensated control valves according to any one 
claim V, 8, 9 & 12, 
15 <15> A -supply system according to any one of 
Claims 1 to 12 wherein: - * 

(16) a respective first temperature coaspensated 
control valve selectively connects each vapour 
vessel to a fuel line from the pusp controlled by 

20 the tesqperatur^ coi^pensated liquid level snnitor 
and a respective second teoEperature cosqpensated 
control valve connects each vapour vessel to the 
vapour supply means. Which delivers the vapour to 
the engine steam reformer system according to any 

25 one claim 5, 9 & 10. 

(17) A supply system according to any one Claim 
7» &, 9 & 12 wherln: 

(1&> the fix^st teiq^erature conqpensated control 
valve of the vapcsur vessels and the rest of the 

30 temperature coiqsensated control valves of the 
vapour vessels are opened electro-magnetically 
simultaneously with use the of a microprocessor 
and the temperature cos^iensated liquid level 
monitors. While the other tesiperature compensated 

35 control valves being closed and vice versa. 
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A supply system according^ to any one Claim 1 
to 1& wherein: 

C20> the heating means for the vapour vessels* 



5 include Induction heaters with coils Kound around 
or inside the vapour vessels which cause metal 
8ourounds» plates or blocks in the vapour vessels, 
the engine steam reformer plates, the niater vapour 
radiator and the fuel rail to be heated. 

10 <21) A supply system according to any one Claim 1 
to 20 wherein: 

<22> the heating means include hot exhaust gas» 
coolant or engine or transmission oil passed 
through heat exchange coils in the vapour vessels, 
. 15; engine steam reformer plates the water vapour 

^ radiator and the fuel rail, ^electric heating coils 
within or around and/ or microwave heating of the 
vessels, engine steam reformer plates, the water 
vapour radiator and the fuel rail, 
20 (23) A supply system according to any one of 
Claims 1 to 22 wherein: 

C24) the system is controlled by an electronic 
logic control unit which incorporates a micro- 
processor. 

25 <25> A supply system according to any one Claim 
18 & 24 wherein: 

<26> the microprocessor control unit is connected 
to sensors on the accelerator Cor throttle) 
portion and the tes^>erature conpensated liquid 
30 monitors on the vapour vessels. 

<27) A supply system according to any one Claim 
7» la & 2d wherein: 

C28) the microprocessor control unit and the 
tes^rature cos^nsated liquid level monitors 
35 controls the tesqperature compensated control 



engine steam reformer or water vapour radiator. 
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valves and their sequence of opening and closings 

to supply fuel in or vapour aut» of tike vessels. 

<29) A supply system accoz^ing to any one Claim 

18, 24»26 & 28 wherein: 
5 <30) the stlcroprocessor control unit incorporates 

tiners whicii cause the switch over of the vapour 

vessels at regular intervals or to switch on 

another vapour vessel, so the one Just used can 

and be recharged ready for use. 
10 <31) An engine fitted with an EHGIHE FUEL 

METBRXHG AITD STEAK SEFOfiMER SYSTEK claimed in any 

one Claim 1 to 30. 

C32> An engine fuel suppl^*^ system including: 
<33) several vapour vessels; 
15 "C34> aieans to supply liquid ^^fuel to the vapour 
' vessels alternatively; '" 

<35'> means to heat the vapour vessels to vaporize 
the liquid fuel; 

<36> and a neans to supply the vaporized fuel to 

20 the engine steam reformer system alternatively 

from the each vapour vessel » where liquid fuel is 
supplied to the vapour vessels while the other 
vapour vessel supplies the vaporized fuel to the 
engine steam refonnBr system which converts the 

25 steam and the fuel into a crude steam» leaving the 
hydrogen floating free to power the engine 
according to any one claim 7, 9, 10 ft 16. 
<37) a. supply system acc'ordlng to any one claim 
5, 7, 9, 10, 20, & 26 whereby; 

30 C3&) a heated fuel rail is used to provide 2 
extra power stages to the engine by delivering 
heated fuel through the use of temperature 
ca3xq>ensated control valves and the mlcropx'acessor 
to mix with the steam from the engine steam 

35 reformer system. 
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<39> An engine fitted with an ^VGIVE FUFL 
KFTHSISG ATO ST£AK SEFOSKEB SYSTEK according to 
any one claln 1 to 38 %fherein: 

<40) Fuel is to be construed as meaning any fuel 
5 containing liydrocarbon and /or is bydrocar^lian. 
<4X> Vater vapour is derived from a water tank 
mounted on tlie veblcle, wlilch is punqped through 
the water vapour system and thence Into the engine 
steam reformer system. This water can t>e any type 
10 which is coverted to fresh water through tlie 
filtering system on board the vehicle. 
<42) An engine fitted with an BVGIHB FU£L 
XETEBISG A9D STBAX REFOSXER STSTEX as outlined in 
and according to any one claim 1 to 41. 

15 
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